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ACCOMPLISHMENTS:
We have fulfilled the goals of Aim 1: to define the intracellular nature of circadian period determination and made significant inroads into Aim 2: to examine the ability of neurotransmitters and modulators to phase-shift clock cells. To test Aim 1, we cultured SCN neurons from wildtype, and heterozygous and homozygous tau mutant Syrian hamsters. Our recordings showed that for each genotype, hamster clock cells in the same culture oscillate in different phases and with a wide range of period lengths, similar to what has been previously reported in rats. The large variation among clock cell periods for each genotype appeared to be intrinsic to clock cells because it was similar among the three genotypes.
LI-,:
I
Despite the wide range of circadian periods, mean clock cell periods in culture was distinct for each genotype demonstrating that the period abnormality of the tau mutation is manifested at the single-cell level. For each genotype, clock cell periods show 5-to 15-times more variance compared to the respective variance in circadian periods of wheel-running behavior. The results show that circadian period in the whole animal is determined by averaging widely dispersed periods of individual clock cells.
In addressing Aim 2, we have focused on the inhibitory transmitter GABA. Virtually all SCN neurons are GABAergic and respond to GABA. Moreover, GABA analogs phase shift the circadian clock both in vivo and in vitro. GABA application caused acute inhibition in firing rate of individual clock cells, independent of circadian time. GABA application also phaseshifted SCN clock cells in a time-dependent manner -these effects are mediated through the GABA A receptors. These data demonstrate that single SCN clock cells elicit phase-dependent circadian responses to transmitter stimuli. We have also shown that we can synchronize SCN clock cells in culture with GABA pulses. We thus propose that GABA is an important synchronizer of SCN neurons in vivo.
